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ABSTRACT
The STX3 module is used in devices from the LinkStar-TRK satellite radio system to SPOT locators used on the
ground providing global beaconing services for a range of systems and applications such as cubesats, aircraft, ships
at sea, and pipeline monitoring systems to name a few. For cubesats and small satellites the STX3 and the STX3
based LinkStar-TRK provides an invaluable low cost global data communications system. However a key drawback
is the module only provides one-way “simplex” communications – there is not a mechanism to send messages and
commands globally up to the satellite via the STX3 module. Per FCC regulations and NASA Policy Directive
(NPD) 2570.5E “all spacecraft shall be equipped with mechanisms to remotely cease EM emissions unless there is a
human presence with this direct capability” – thus satellite operators of STX3 based radios must provide a second
radio, an uplink, to cease emissions of the STX3 module. The STX3 module becomes dependent on the functionality
of another radio which defeats the global communications capability. As a result, sci_Zone in partnership with
Globalstar has begun research and development of the STX4 based radio system – the LinkStar-TRK-X, an
adaptation of Globalstar’s Spot-X radio providing low bandwidth global duplex communications that fits within
0.25U of a cubesat (100x100x25mm). The architecture is designed to interface with the cubesat bus, is a PC104
format board, and provides full message downlink and command/message uplink services for the cubesat and small
satellite. Over 90% Earth coverage is provided by the LinkStar-TRK-X radio system. The LinkStar-TRK-X design
provides support for I2C and an I2C multiplexer, Space Wire, serial connections, USB, and a range of switched and
unswitched power connectors to power the LinkStar-TRK-X and supported instruments. The integrated flight
computer hosts the QuickSAT/VMS system providing vehicle control, communications, and instrument management
functions. QuickSAT/VMS provides a web based interface for easy vehicle configuration, system testing, and
management. In this presentation we will present the system design and implementation, and how LinkStar-TRK-X
fits within a cubesat architecture, plus how the unit communicates with the desktop and iPhone from anywhere in
orbit.
INTRODUCTION

Messages are composed of 1 or more 9-byte payloads
up to 144 bytes in size. The STX3 can only transmit 9byte on-air messages, so user payloads greater than 9
bytes require multiple on-air packets to be transmitted
for each user payload – See Figure 1.

The STX3 module is a simplex radio module that
allows near global one way communications through
the Globalstar LEO satellite network to ground stations
through the internet to an operator’s servers, which in
the case of the LinkStar radio data goes to the sci_Zone
cloud based QuickSAT servers.
The STX3 was
primarily developed for use on the ground, however it
has been adapted for space use. Since the Globalstar
satellite position is constantly changing, simplex
devices on the ground, air or space will transmit with
no knowledge of any of the satellites locations; one or
more Globalstar satellites may receive the
transmission. These satellites will then relay the
message to the nearest satellite gateway as shown in
Figure 4. Once received by the satellite gateway, the
simplex message will be delivered to the simplex
gateway where redundant messages are discarded and
the data from the message is sent to sci_Zone and our
web based interface to view the data.
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Figure 1: Message Packets.
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The messages themselves are repeated three times in
rapid succession to insure the message is transmitted to
the ground. For normal conditions where the transmitter
has an open view of the sky, this will result in a better
than 99% chance that the message will be received.

QuickSAT/VMS system automatically communicates
with the GPS. QuickSAT/VMS can obtain all
information from the GPS including location services,
system time, GPS configuration, and signal quality.
QuickSAT/VMS can build an ephemeris from the GPS
and support geofences to turn devices on and off. For
space use NovAtel OEM719 has the COCOMs
removed.

The LinkStar-TRK
The LinkStar-TRK is a Globalstar Certified version of
the STX3 module for the use on the ground and air in
all weather conditions and for use in Low Earth Orbit
on satellites. The LinkStar-TRK is also certified per
FCC CFR Part 25 Modular and FCC Part 15A.
LinkStar-TRK is a complete system including flight
computer, integrated GPS, and flight management and
communications system – the QuickSAT/Vehicle
Management System (VMS). QuickSAT/VMS controls
satellite and payload operations, manages all
communications,
provides location services, and
manages the power of the payload, GPS, and on board
radios. The primary board of the LinkStar-TRK system
is shown in Figure 2. The LinkStar-TRK supports the
CubeSat bus architecture allowing for communications
and control with other devices on the CubeSat bus. A
modified BeagleBone Black is used as the principal
flight computer and interfaces with the board from
underneath via the BeagleBone Black cape interface
and architecture.

As noted LinkStar-TRK has integrated with it the
Globalstar STX3 packet radio module which provides
one way downlink “simplex” messaging services
through the Globalstar satellite network with over 95%
Earth coverage. Messages can be up to 144 bytes in
length and can be broadcasted as little as every 5
minutes in 9 byte packets. There is not a mechanism to
send messages and commands globally up to the
satellite via the STX3 module. Per FCC regulations
and NASA Policy Directive (NPD) 2570.5E “all
spacecraft shall be equipped with mechanisms to
remotely cease EM emissions unless there is a human
presence with this direct capability” – thus satellite
operators of STX3 based radios including the LinkStarSTX3 must provide a second radio, an uplink, to cease
emissions of the STX3 module. The STX3 module
becomes dependent on the functionality of another
radio which defeats the global communications
capability. If the uplink radio paired with the STX3 is
out of communications for >8 hrs, the STX3 radio is
not allowed to transmit.
SPOT-X
In early 2018 Globalstar release its Spot-X 2-way,
“half-duplex”, messaging device. Spot-X provides 2way messaging services for use in the field in remote
locations (Figure 3). The system was designed for users
to check in with managers, colleagues and family, or
communicate directly with 24/7 search and rescue
services in the event of an emergency. The user’s
location can be pinpointed and movements can be
monitored. AND with Spot-X’s unique mobile number
and operator can initiate messages directly to the SpotX at anytime.

Figure 2: The LinkStar-STX3-PC104 Radio System.
A connector is provided on the LinkStar-TRK board to
support both NovAtel OEM700 series GPS for space
and advanced ground use and the Adafruit Ultimate
GPS for ground use and testing plus high altitude
balloon applications. When connected to the board the
Santangelo

Figure 3: The Globalstar Spot-X Radio.
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2. SPOT X BLUETOOTH SOFTWARE ARCHITECTURE

Figure 4: Simplex
2.1. Messaging.
SOFTWARE ARCHITECTURE OVERVIEW
2.

SPOT X BLUETOOTH SOFTWARE ARCHITECTURE

There are two processors involved in handling the data transmitted over the Bluetooth® Low Energy (BLE) interface.
Both processors communicate using the Nordic Semiconductor© UART:

architecture of the Spot-X radio. Note the Spot X board
Atmel® SAMG55 from
(Main processor)
was1. removed
the housing and attached peripherals
2. Nordic Semiconductor nRF51822 (BLE processor)
including
the
display,
keyboard and battery.
NOTE: RTS & CTS are not utilized in this configuration.
©

Figure 5 shows the estimated coverage area for the
Spot-X unit in Low Earth Orbit (LEO). One way
communication is near global, though better over
continental locations. The turquoise areas represents
the approximate two-way messaging coverage from
LEO.

Figure 2-1. SPOT X™ Bluetooth® Software Architecture

Figure 6: Spot X Hardware/Software Architecture.

2-1.1. ATMEL® SAMG55

This is the main processor in the system that handles all the SPOT X device functionality. Some of the functions would
be, sending / receiving messages, scheduling track messages, updating notifications etc. In the case a BLE central
device is connected and actively communicating with the SPOT X Bluetooth, this processor will also handle the
events generated by the phone app.

Hardware

2-1.1.1. BLE Rx Task
The
design provides for data connection between the
This is a basic FreeRTOS task which will handle the incoming characters over the UART interface. Once a
valid commandBeagleBone
has been received, it willBlack
pass the buffer
over to the JSONand
Parser. the Spot X
modified
computer
via USB or USB-to-UART, and BLE (Bluetooth Low
Energy). Power to the Spot X is provided either via the
LinkStar-PC104 power connector or the USB
connection.
The LinkStar-TRK board, GPS and
BeagleBone Black allows for global tracking, satellite
control and management and a communications
pipeline between the Spot X and the rest of the satellite
via the Cubesat bus and LinkStar-PC104 board
connectors. This also allows for global tracking of the
satellite in LEO. If the STX3 module is included with
the board, both the Spot X and STX3 boards can
communicate however this will require the use of
separate antennas (Figure 7).

Figure 5: Approximate coverage area of the Spot-X
radio.

SPOT X™ Software Design Guide
NOV 2020

SPOT-X INTEGRATION WITH LINKSTAR-TRK
The goal for our project is to migrate to from the STX3
based technology to the Spot-X based technology,
however currently the board cannot be directly used on
CubeSats and other satellites. The Spot-X board CAN
be married however with the LinkStar-TRK board with
or without the STX3 module integrated with the mother
board giving us the LinkStar-TRK-X radio system.
Figure 6 shows the baseline software/hardware
Santangelo
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Figure 8: The QuickSAT/VMS Architecture
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Figure 9: Screen shot of LinkStar-TRK/SpotX with QuickSAT/VMS home screen. Note: key flight and radio
data plus GPS information is shown.

Figure 10: Screen shot of LinkStar-TRK/SpotX with QuickSAT/VMS data screen. Data is presented in tabular
form and in plots. Both can be exported by the user. This screen is visible directly on the radio in the test lab
on the ground station.
Santangelo
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QuickSAT/VMS

requests are forwarded to and from the ground via
ls_comm_flight_streem. Commands from the ground
are communicated via QS/Communications Manager
through the database to QS/Commander. In addition to
the core commands, custom commands can be added by
the customer using the QuickSAT/VMS command
interface without modifying the code directly. Figures 9
and 10 present screen shots from the QuickSAT/VMS
web interface.

The QuickSAT/Vehicle Management System (VMS) is a
flexible open source flight management, system tailored
for cubesats and other types of small satellites.
QuickSAT/VMS includes both the core C and python
based flight management code, and a web based server
to manage the system and telemetry data. A mirror of
this environment at sci_Zone serves as an cloud based
ground station. The architecture provides for basic
satellite command and control, data management,
scheduling, event handling and complete software
based radio tool set. The framework allows for users to
define custom classes of components (such as radios,
magnetometers and other sensors) without modifying
the core architecture. The architecture provides a
robust data management architecture, not only
managing the vehicle configuration and schedule, but
also logging system messages, errors and events, and
storing data as needed into separate recording sessions.
Recent
additions to QuickSAT/VMS include
QuickSAT/Perception and related Artificial Intelligence
and Machine Learning tools (Figure 8)

Messaging
The lsRadio module is designed to work with any radio
system – not only Globalstar radios, but also a S-Band,
X-Band or other radios on the satellite. In the case of
the SpotX radio messages of up to 140 bytes are
transmitted to the ground, as well as uplinked from the
QuickSAT/VMS ground interface from the ground to the
satellite.
Messages are contained in JSON formatted message
between QuickSAT/VMS and the SpotX radio. The
operator does NOT need to “package” or format the
message. This is done automatically by lsRadio. The
operator need only store the message in the
stepSATdb_Flight database via one of the QuickSAT
database APIs and lsRadio will transmit the message to
the ground.

QuickSAT/VMS includes a web based “window” into
the spacecraft’s flight computer/flight management
system, providing mechanisms to command the space
vehicle, view telemetry data via tables and graphs,
upload and download files, log data and manage
historical data. This is done through the on board
Server and the Session Manager the latter of which is
part of the QuickSAT/VMS environment, both located
on the space vehicle (SV) flight computer. Web based
pages (html files) are requested from the SV Web Server
by the client browser. SV functions such as Login,
telemetry management, communications management
and Fault History, are also through the SV Web Server,
however commands are forwarded to the Session
Manager, which processes requests for data and control
from the ground station to the SV. Security, access and
session management is maintained via the Session
Manager. Requests to the Session Manager via the Web
Server is also through a REST API Request based
mechanism; the Web Server will be able to discern if
the request is for a file, a Session Manager command,
or the request is an invalid command. Due to the
design of the QuickSAT/VMS and Session Manager,
QuickSAT/VMS allows for multiple users to be logged
into the SV for ground testing via multiple allowed
users via the GlobalStar network, and via USB when
testing on the ground.

Commands and messages up to 140 bytes can be
transmitted from the QuickSAT ground segment to the
SpotX receiver on the satellite in a JSON format. Since
the radio has a unique mobile number and operator can
initiate messages directly to the Spot-X receiver;
multiple Spot-X receivers can be messaged
simultaneously. QuickSAT/VMS provides a set a core
commands such as restart, safe-hold-mode, transmit,
radio_xxx off/on, and a framework for custom
commands created by the user.
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